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PENGENALAN 
CAFLM (Computer Aided Fixed Learning Module) merupakan satu kaedah pembelajaran 
FLM secara komputer. Oleh kerana -terdapat beberapa kelemahan pada poster FLM yang lama 
seperti masalah kekurangan poster FLM yang timbul akibat p~rtambahan pelajar yang berlaku pada 
setiap tahun, maka pihak kami memikirkan satu pendekatan bagi menangani masalah tersebut. 
Bagi projek ini segala isi kandungan FLM yang terdapat pada poster masih lagi dikekalkan 
dan berdasarkan kepada poster FLM tersebut dilakukan beberapa penambahbaikan iaitu melukis 
semula poster yang kabur atau rosak sebelum. dimasukkan ke dalam komputer. 
. Sebagaimana yang kita sedia maklum kebanyakkan pelajar sekarang lebih suka 
menggunakan internet un~ mendapatkan maklumat tertentu. Oleh itu p~ndekatan pengajaran dan 
pembelajaran secara ini dapat membantu pelajar membuat rujukan serta ulangkaji tanpa mengira 
waktu dan tempat, jika dibandingkan dengan penggunaan poster FLM yang dihadkan masa 
kegunaannya iaitu hanya pada waktu pejabat sahaja. J?elajar juga boleh mencetak nota yang 
dikehendaki melalui CAFLM ini. 
Di samping itu, CAFLM dapat memudahkan kakitangan ak:edemik membuat 
pengubahsuaian dari masa ke semasa . 
. ·----~--
OBJEKTIF 
1. Mewujudkan satu sistem FLM yang lebih teratur. 
2. Membantu menambahbaikan sistem pembelajaran FLM secara komputer. 
3. Mengurangkan kos perbelanjaan bagi penyediaan FLM. 
KAEDAH 
1. Poster FLM yang ingin dimasukkan ke dalam komputer dikumpulkan. 
2. Proses semakan dilakukan dengan menyenaraikan semula tajuk:.:.tajuk dan pemberian kod 
dilakukan bagi setiap tajuk berkenaan contohnya CNS 01 bagi tajuk pertama dalam sistem 
CNS, dan Eye 01 bagi tajuk pertama dalam sistem penglihatan. 
3. Seterusnya semakkan dilakukan ke atas isi FLM oleh pensyarah yang terlibat. 
4. FLM dibahagikan kepada dua iaitu poster yang bergambar atau berajah dan poster FLM 
yang mengandungi teks sahaja. · 
5. Kesemua teks ditaip semula atau discan dan dimasukkan kedalam folder yang dilabel 
sebagai "TEKS ". 
6. Gambar serta rajah dimasukk:an ke dalam satu folder yang dilabelkan sebagai "GAl'vffiAR". 
7. Selepas proses semakkan serta pembetulan kedua-dua teks dan gambarajah digabungkan dan 
dimasukkan kedalam folder yang berasingan mengikut tajuk masing-masing. 
8. Seterusnya folder tersebut dihubungkan antara satu sama lain dengan menggunakan perisian 
'Netscape Composer' . 
HASIL 
Berikut merupakan hasil bagi projek CAFLM dan senarai tajuk FLM yang telah dimasukkan ke 
dalam komputer. 
CAFLM 
(COMPUTER AIDED FIXED LEARNING 
MODULE) 
Sistem CAFLM ini adalah salah satu usaha dari Jabatan Fisiologi 
untuk meningkatkan sistem pengajaran ke arah penggunaan IT. 
Sistem ini menggantikan sistem FIX LEARNING MODULE (FLM) 
lama yang menggunakan kaedah pembentangan poster-poster. 
Matlamat sistem CAFLM ini diujudkan antaranya adalah untuk : 
• Memudahkan pelajar medapatkan maklumat FLM melalui kaedah 
komputer. 
• Pelajar boleh menggunakan sistem ini samada semasa 
pembelajaran atau di luar masa pembelajaran. 










SISTEM SARAF PUSAT 
Modul 1 Factors regulating cerebral circulation. 
Modul 2 Diagram of vasomotor reflexes. 
Modul 3 Theory of pain. 
Modul 4 Endogenous pain control mechanisms. 
Modul 5 Basal ganglia. 
Modu1 6 The role of basal ganglia in posture and voluntary movements. 
Modul 7 Extrapramidal system. 
Modul 8 The sequences of singnaling changes that produces the reflex action. · 
Modul 9 Diagram of nerve. 
Modu110 Nervous control ofmicturition. 
Modu111 Physiology of micturition instructions. 
Modu112 Propagation of nerve impu1se. 
Modul 13 The strength-duration curve. 
Modu114 Axoplasmic transport. 
Modu115 Pathway for pain and temperature. 
Modu116 Qualities with pain and pain pathway. 
Modul17 The spinothalamic pathways. 
Modu118 Spinocerebellar pathways. 
Modul 19 Somatic sensation- an overall view. 
Modul 20 Principle of convergence. 
Modul 21 Pathway for conscious proprioception. 
Modul 22 Inte~entary sensonia. 
Modu123 Gamlna reflex loop. 
Modu1 24 Pathways for nonconscious proprioception. 
Modul 25 Cerebral circulation 
Modul 26 Diagram of the parasymphathetic (craniosacral) division of the autonomic nervous 
system. 
Modul 27 Classification of nerve fibers. 
Modul 28 Mylination of axons. 
Modul 29 Cross section of a peripheral nerve showing myelinated and unmyelinated (arrow) 
:fiber. 
Modul 30 Cellular organization of peripheral nerves. 
Modul 31 Nerve injuries causing bladder dysfunction. 
Modul 32 Segmental demyelination. 
Modu133 Degeneration and regeneration in a mylenated nerve fiber. 
Modul 34 Primary myelinopathy. 
Modul 35 Segmental demyelination. 
Modul 36 General pathology of peripheral nerves. 
Modu137 Toxic sensory neuronopathy. 
Modu138 Toxic distal ax.onopathy. 
Modul 39 Class 1 acute nerve injury ( eg. compression). 
Modu140 Class 2 nerve injury. 
Modul 41 Degenaration and abberant regeneration in (class 3) nerve injury. 
Modu142 Muscle spindle. 
Modu1 43 Cerebral cortex. 
Modul 44 Cutaneous distribution of major peripheral nerves. 
Modu145 Spinothalamic tracts. 
SISTEM PENCERNAAN 
Modul 1 Gastrointestinal tract 
Modul 2 Secretion and digesion 
Modul 3 Absorption 
Modul 4 Motility 












Hypothalamic hormones and factors regulating adenohypophysial 
Function 
Caracteristics of hypothalamic releasing hormones 
Anterior pituitary 
Hypothalamic and pituitary hormones 
The typical arrangment of negative feedback in the regulation of 
a Hypothalamus- Pituitary- target gland axis 
Neural and endocrine interrelation 
Regulation of growth hormone secretion 
Patterns of growth hormone secretion 
Mechanism of growth hormone action 
Regulation of Antidiuretic hormone secretion and thirst 
.. --•-._. __ 
PERBINCANGAN 
lsi kandungan FLM yang telah di masukkan ke dalam komputer ini perlu disemak semula 
untuk memantapkan lagi qualitinya serta mutu persembahan bagi CAFLM. Proses menyiapkan 
CAFLM mengambil masa yang agak lama kerana berlaku beberapa masalah seperti kehilangan 
poster FLM yang asal, kerosakkan pada alat scanner dan beberapa masalah yang berlaku selepas 
proses menyusun serta mengedit semula fail yang telah di masukkan ke dalam komputer . 
.. · 
KESilVlPULAN 
Kesemua tajuk FLM yang dipilih telah dimasukkan kedalam komputer. Selain daripada 
tajuk pilihan tersebut terdapat beberapa tajuk lain yang perlu di masukkan ke dalam CAFLM bagi 
melengkapkanya. Antaranya ialah sistem kardiovaskular sistem pembiakkan dan sistem otot 
rangka. Untuk kegunaan pelajar kesemua tajuk yang telah. dimasukkan ke dalam komputer ini perlu 
disambungkan melalui internet. 
Carta aliran proses CAFLM 
Pengumpulan semula FLM 
Semakkan oleh pensyarah yang terlibat 
Gam bar ~ I FLM I .. Teks 
I 
t t 
... Dilukis semula I Ditaip semula I I Scanning I ... 
, , • • .... Scanning .... Dimasukkan ke dalam satu folder mengikut sistem ... ... 
+ + + + 
Sistem penglihatan Sistem perkumuhan Sistem saraf pusat I Sistem pencemaan , , , , 
Sistem pernafasan I Sistem Endokrin I 
BAHAGIANII 
HASIL PROJEK CAFLM 
•!• Sistem Saraf Pusat 
•!• Sistem Pencernaan 
•!• Sistem Endokrin 
SISTEM SARAF PUSAT 
SISTEM SARAF PUSAT 
Modul 1 Factors regulating cerebral circulation. 
Modul 2 Diagram of vasomotor reflexes. 
Modul 3 Theory of pain. 
Modul 4 Endogenous pain control mechanisms. 
Modul 5 Basal ganglia. 
Modul 6 The role of basal ganglia in posture and noluntary movements. 
Modul 7 Extrapramidal system. 
Modul 8 The sequences of singnaling changes that produces the reflex 
action. · 
Modul 9 Diagram of nerve. 
Modul 10 Nervous control of micturition. 
Modul 11 Physiology of micturition instructions. 
Modul 12 Propagation of nerve impulse. 
Modul 13 The strength-duration curve. 
Modul 14 Axoplasmic transport. 
Modul 15 Pathway for pain and temperature. 
Modul 16 Qualities with pain and pain pathway. 
Modul 17 The spinothalamic pathways. 
Modul 18 Spinocerebellar pathways. 
Modul 19 Soma'tic sensation- an overall view. 
Modul 20 Principle of convergence. 
Modul 21 Pathway for conscious proprioception. 
Modul 22 Integumentary sensorria. 
Modul 23 Gamma reflex loop. 
Modul 24 Pathways for nonconscious proprioception. 
Modul 25 Cerebral circulation 
Modul 26 Diagram of the parasymphathetic (craniosacral) division of the 
. autonomic nervous system. 
Modul 27 Classification of nerve fibers. 
Modul 28 Mylination of axons. 
Modul 29 Cross section of a peripheral nerve showing myelinated and 
unmyelinated (arrow) fiber. 
Modul 30 Cellular organization of peripheral nerves. 
~l!odul 31 I'Jerve injuries causing b!adder dysfunction. 
Modul 32 Segmental demyelination. 
Modul 33 Degeneration and regeneration in a mylenated nerve fiber. 
Modul 34 Primary myelinopathy. 
Modul 35 Segmental demyelination. 
Modul 36 General pathology of peripheral nerves . 
.. ·---
Modul 37 Toxic sensory neuronopathy. 
Modul 38 Toxic distal axonopathy. 
Modul 39 Class 1 acute nerve injury (eg. compression). 
Modul 40 Class 2 nerve injury. 
Modul 41 Degenaration and abberant regeneration in (class 3) nerve 
injury. 
Modul 42 Muscle spindle. 
Modul 43 Cerebral cortex. 
Modul 44 Cutaneous distribution of major peripheral nerves. 
Modul 45 Spinothalamic tracts. 
.. ·----..... 
Menu Utarna 
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Modul 1 Factors regulating cerebral circulation 
I.EXTRINSIC FACTORS 
(a) Systemic blood pressure. Fluctuation in systemic arterial blood pressure in the healthy 
young individual have very little if any effect on cerebral blood flow. Cerebral blood flow 
will be maintained with fluctuations in systolic blood pressure between 200 and 50 mmHg . 
A fall in systolic blood pressure below 50 mmHg, may be accompaied by a reduction in 
cerebral flow. However, because more 02 is extracted, consciousne~s is usually not 
impaired. Cerebral blood flow may also decrease if systolic blood pressure rise above 200 
nunHg or distolic blood pressure rise above 110 to 120 mmHg .The range of blood pressure 
fluctuations beyonds which cerebral blood flow is affec~ed is narrower in individuals with 
arteriosclerosis of cerebral vessels. 
b) Blood viscosity , cerebral blood flow is inversely propotional to blood viscosity in man. A 
reduction in blood viscosity , as occurs in anemia, will increase cerebral blood flow on the 
other band , an increase in viscosity , as occurs in polycythemia will d~crease cerebral 
blood flow. 
c) Vessel lumen minor reduction in the lumen of carotid and vetrebral arteries are without effect 
on cerebral circulation. The vessel lumen must be reduced by 70 %to 90 % before a 
reduction in cerebral circulation occurs. 
n. INTRINSIC FACTORS 
[a) Autoregulation the singl~ most important factor controlling cerebral circulation is a 
phenommenon of autoregulation by which cerebral vessel adjust their diameters to maintain 
a constant flow despite alteration in perfusion pressure. Thus, cerebral blood vessels 
constrict in response to an increase in intraluminal pressure and dilate pressure and dilate in 
response to a reduction in intraluminal pressure this phenomenon is particularly useful in 
shunting blood from healthy regions where intralumial pressure is higher to ischemic regions 
where a reduction in blood flow has occured, resulting in a reduction in intralumin~ 
pressure. Autoregulation operates independently of, but synergistically with other intrinsic 
factors such as biochemical changes. The mechanism of autoregulation is poorly under 
stood. 
(b) Biochemical factors several biochemical factors regulate cerebral circulation. Carbon 
dioxide arterial pco2 is a major factor in the regulation of cerebral blood flow. Hypercapnia 
(high pco2) produces marked vasodilation and an increase in cerebral blood flow. The 
reverse occurs in hypocapnia (low pco2). Thus, inhalation of C02 increases cerebral blood 
flow whereas hyperventilation decreases cerebral blood flow. Under normal conditions, it 
is estimated that a change of 1 mmHg in pco2 will induce a 5% change in cerebral blood 
flow. 
The control of cerebral blood flow by c02 is mediated via the cerebrospinal fluid bathing cerebral arterioles. 
The pH of the cerebrospinal fluid (CSF) reflects the arterial pco2 and is also influenced by the level of 
bicarbonate in the CSF. 
The effect of co2 on cer.ebral blood flow is im~ortant in dampening the effects of tissue pco2 in areas of brain 
ischemia. The increase m cerebral blood flow m such areas helps to wash out metabolically produced c02 and 
.. ·---... _ 
thus re-estabishes homeostasis of brain pH. oxygen moderate changes in arterial p02 do not alter cerebral 
blood flow. However, more marked changes in arterial p02 alter cerebral blood flow in a manner which is the 
reverse of that described for pco2. Thus, low p02 will increase cerebral blood flow and high p02 will decrease 
cerebral blood flow. Although the exact mechanism of this effect is not known, it is believed to be independent 
of changes in pco2 . 
NEURAL FACTORS 
Sympathetic supply sympathetic innervation of conducting vessels is amply documented from the cervical 
sympathetic chain. Stimulation of the sympathetic system produces vasocontriction and a decrease in cerebral 
blood flow. The effect is greater in the internal carotid artery system than in the vertebral basilar system. 
(b) Parasympathetic supply parasympathetic nerve fibers in the regulation of cerebral · 
ciruclation is yet to be found. Thus, neural factors in the regulation of cerebral blood flow 
are of minor importance when compared with the biochemical factors. 
Cerebral blood flow in coma 
The cerebral blood flow is severely reduced in states of unconsciousness. 
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Modul 2 Diagram of vasomotor reflexes 
Muscle ri.gidit)t~dv.aso.motor reflexes· in 
visceral dise$.c at€t'Ctinsed :by the ~~ci.tt;meot · 
nlpolysynaptic r~fle~ arcs ~t the sj)inal cord level. 
BRAIN 
Viscus . :siON 
Cutaneous-pypetasthesia fu visc~ratdisease. 
occurs becau~_e acti~ity jnaff~t.etttpathwa.Y$ 
from the dis·e~~ed. vis:cu,s lowers the threshold. 
• • • • ~ • - • • • : • • • • J • • - • ' • • • •• • - ' ' • • • • • • • • 
for cutaneous ~en5ocy impulse at a comt;).lOll 
pool of neurons in the CNS .. 
.··~SKIN · 
... -.. · . 
. ' 
. . Aff~rerit pathway~ fr~m skin and · 
viscera cqny~rgeon. eotn.mon 
. neur5)ries·insp1nal cord arid 
. thalatn.tts. . 
·----
SISTEM SARAF PUSAT 
Modul 3 Theory of pain. 
Prior to the "gate control theory of pain" proposed by Meizack and Wall in 1965, there were two 
main theories to explain pain mechanisms. 
Specificity theorv. 
According to this theory, pain is a specific modality with its own specific receptors, peripheral fibers, 
and central pathways. Since its introduction, there has been mounting evidence against this theory. 
Pattern theory. 
The pattern theory proposed that receptors stimulation elicits a certain pattern of responses which 
reflects the quality, intensity and duration of the stimulus. These complicated pattern are fed into 
the central nervous system, which deciphers them and initiates the appropriate response. 
Gate control theory. 
According to this theory, there is a gating mechanism in the posterior horn of the spinal cord 
(lamina iii of rexed). This gating mechanism modules activity in spinal cord neurons that give rise to 
the central tracts for pain (t-cells) and thus increases or decreases the flow of impulses from the 
periphery into the central nervous system. The gating mechanism in the posterior horn is influenced 
by two types of inputs from the periphery. 
one input is via a small (a - delta or c ) fiber system which is continuously active 1 thus keeping the 
gate open. This system has a facilitatory role in pain mechanisms and acts to enhance the effect of 
incoming impulses. The second input is via a large ( a beta ), thickly myelinated fiber system which 
fibers in response to a stimulus both system project upon neurons in lamina iii of rexed1 which is 
considered to be the modular center for pain in the spinal cord. The thin fibers inhibit and the thick 
fibers facilitate neurons in this lamina. Both fiber system also project upon neurons in this lamina. 
Both fiber system also project upon neurons in rexed laminae v to viii (t-cells). Their action here is 
purely facilitatiory. Futhermore, neurons in lamina iii of rexed have a presynaptic inhibitory effect 
on both the small and large fibers systems projecting upon laminae v to viii. 
The gate control theory may be summarized as follows: 
The ongoing activity which precedes a stimulus is carried solely by the small fiber system and tends 
to keep the gate open and ready to receive new impulses. 
A superimposed peripheral stimulus will activate both the small and large fiber system. The 
discharge from the latter initially fibers the tract neurons (t-cell) in laminae vto viii through the 
direct facilatory route. Th~n. pa.rt!~lly closes the gate through its action on lamina iii neuron 
(facilitation of pressynapt1c 1nh1b1t1on). 
If the stimulus is prolonged 1 the large fiber system adapts, resulting in a relative increse in small 
fiber system adapts, resulting in relative increase in small fiber system activity, the gate opens 1 
f~rther increasing activity in laminae v to viii. 
The gating mechanism i~ the spin~ I cord is ~nder the control of the brain. In this way , brain 




The present status of our understanding of pain mechanism can be summarized by the following 
observations. 
The pain receptor status is not specific for pain stimuli but is specialled. Below a certain threshold, 
a noxious (painful) stimulus will elicit responses from all types of receptors. 
Pain impulses are conducted via the small a- delta fibers and c- fibers (peripheral nerve) the larger 
a- beta also play a role in pain mechani.sm. 
The spinal cord posterior horn is a center for integration of pain mechanisms. It integrates activity 
arriving from the periphery with that arriving from cortical and subcorti~al regions. 
Pain impulses are conducted in the neuraxis via two major pathways. These are a direct 
(neurospinothalamic and trigeminothalamic) pathway and a multisunaptic (spinoreticulothalamic) 
pathway. 
The direct ascending pathway project upon posterior nuclei of the thalamus (vpl arid vpm), 
whereas the multisynaptic pathways project upon the intralaminar nuclei of the thalamus. 
The cortical projection areas include the primary somasthetic cortex of 
The parietal lobe, the frQntal cortex, and the limbic lobe. The parietal cortex is concerned with the 
appreciation of the sharp,well-localized type of pain, 
The frontal cortex is concerned with intellectual 
Appreciation and affective reaction, and the limbic lobe is concerned with the .memory of painful 
experience and the emotional reaction to pain. Pain can be appreaciated at subcorticallevals, 
primarily in the thalamus. 












:Small diameter ;fiber~·. 
SISTEM SARAF PUSAT 
Modul 4 Endogenous pain control mechanisms. 
Electrical stimuJation in ~1e periaquedt,tctal gr<;y matter ptod\1ces 
1ongtnsting analgesia in man arid experimenta1 aniniais. The 
periaqueductal grey matter is mod~tately rich in opiate.receptors 
and enkephalin while nal<>xone. a morphh:ie arit<1gonist,"blocks 
the el~ctrically produce~analge~ia.lt therefore seems probable. 
that opiates activate an efferent brainstem system that suppresses . 
pain at a ~~g~nentalleveL The descending pathway seem~ to be 
mainly jn the dorsolateral fasciculus oftl1e spinal cord (f.igure) 
since lesions in this region reduce or abolish analgesia produced 
by opiatcs·or·etectricru ~muhitil1n ofthe.l'eriaqueductal ·&fey 
matter~ the serotonin-rich midline raplte·nuclei_Qftlte meduJla 
also appear to b~ :involved in the descending pathway' although 
serotonln~rgic. descending pa~waysJhrf>ugh 1-he dors9latera1 
. fasciculus also exist. There is anatomical and physiological 
ev.idence t(}suggest tha~in nddit~ori to receiving:htputsf~om 
the opiate~serisitive brainstem structures,~ the. riiidlin~.raphe: 
,nucleus of the xnedulla als(> ~c~ives maJor thougl1 indireqt. 
som~tos~nsoiy )nP,uts fron1paln pathways .• possibly· by·\vay 
oflh~.~ed.cular formation!.· · · , · · · 
~ 4---. ... _ 
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Modul 5 Basal ganglia. 
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Modul 6 The role of basal ganglia in posture and noluntary movements. 
1. Cortico-striato-pallido-thalamo-cortical: 
·.1: Cer~al Cortex . ·I Pun~lion: 
- - ~ po$bi@ladj\1Stmcnt$ 
/ .
. _.·· · ·_·.~·-·_.·.·.···.·. ··:rO,rvolunflU>' ·. · 
lno~tS~ -----=---...... t""" ...... _...._..._.....__.. - pr~~ing~t 
1bafam~ l · · 1. ··ramp 1/oiUtlllil)' 
(V .. L .. nucl¢us) · 1 . Striatunl ~ mOvementS 
2. Striato-nigro-striata1: 
·-DQ~ner.Sf¢ .~ 9strla\al · 
fillets . . 
3. Pallido-thalamo-striatal, pallido-tegmental. 
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Modul 7 Extrapramidal system . 
.. &------
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Modul 8 The sequences of singnaling changes that produces the reflex action. 
Grade stretch of muscle produces a graded receptor potential that propagates passively to the trigger 
zone at the first node ofranvier. If the potential is sufficiently large, it will trigger an action potential 
that will propagate actively and without fail along the axon, the conductile component of the neuron, to 
the terminal region. At the terminal the depolarization produce by the action potential gives rise to a 
secretory potential that leads to release of transmitter substances. The transmitter diffuse across the 
synaptic cleft and interact with receptor molecules on the external membrane of the post synaptic cell 
to initiate a synaptic potential. The synaptic potential that propagates to the terminal of the motor 
neuron and leads ultimately to a synaptic potential in the muscle that initiates an action potential 
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Modul9 
SISTEM SARAF PUSAT 
Modul 10 Nervous control of micturition. 
Urine is formed continuously in the kidneys. It collects in the urinry bladder which expands 
till about 300cc. When full, the desire to micturate is experienced. 
,-... 25 
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When bladder is empty and beginnfug to :Jia 
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When bladder is fu]l and voiding_is to otcur, 
Activatio.n ____ . }· fceonl~~c·.·tio-~n0. _nof0:r_· .__ __..__ Inhibition .UG ~4 
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Seen in infant with ·n() ·vo1u~tary Ct?ilfrol over the sphincters. 
.. ·---.. 
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Modul 11 Physiology of micturition instructions. 
1. Read the objective listen below. 
2. This FLM will help you RECALL the PHYSOLOGICAL of MicruRATION. 
3. Each section of this module represents one important aspect on the physiological of 
urine formation. 
4. Try to answer all question BEFORE looking at the answers. 
5. Go through the objectives again and check if you have achieved them. 
Understanding the process of micturition will help you understand the pathophysiology of 
bladder dysfunction. If you are in doubt, DON'T FORGEr TO ASK. 
Objectives: 
!.Describe the nerve supply of the bladder and their relationship to micturition 
2. Describe the nervous control of micturition. . 
3. Outline the types of nerve of injuries that can cause bladder dysfunction . 
.. ·---... _ 
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Modul 12 Propagation of nerve impulse. 
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Propagation of nerve impulse along the axon coincides with a localized inflow of sodium ions 
(Na+) followed by an outflow of potassium ions (K+) through channels that are "gated" or 
controlled, by voltage changes across the axon membrane. The electrical event that sends a 
nerve impulse travelling down the axon normally orginates in the cell body. The impulse 
begins with a slight depolarization or reduction in the negative potential across the 
membrane of the axon where it leaves the cell body. The slight voltage drifts open some of 
.. ~---~--
the sodium channels, shifting the voltage still further. The in-flow of sodium ions accelerates 
until the inner surface of the membrane is locally positive. The voltage reversal closes the 
sodium channel and opens the potassium channel. The outflow of potassium ions quickly 
restores the negative potential. The voltage reversal known as the action potential, 
propagates itself down the axon (1,2). After a brief refractory period, a second impulse can 
follow (3). 
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Modul 13 The strength-duration curve. 
The relationship between the strength of the stimu1us and its duration is an important one, 
which is shown in the strength-duration curve. It can be seen that a certain minimum 
duration, the utilization time, is needed for even the strongest stimulus to voke a response. 
The weakest stimulus that will excite the tissue, provided it is applied for a long enough time, 
is called the rheobase. In order to compare excitability of different fibers, a stimulus of twice 
the strength of rheobase is used to test the length of time needed to excite a response. This 
time is know as chronaxie. Time chronaxie of nerve fibers varies according to tee size and 
type of the fiber (as well as with its ability to accomodate ), but it serves as a rough indicator 
of excitation time. It is used a clinical device to determine whether the innervation of a 
muscle is intact. If it is intact, the chronaxie will be compound because of the difference in 
excitability between the nerve and muscle fibers, if the nerves.rave been destroyed, a simple 
chronaxie will be obtained, corresponding only to the muscle fibers .The strength-duration 
relationship applies only to currents that rise to peak intensity rapidly. Slowly rising currents 
sometimes fail to fire the nerve because the nerve in some Way adapts to the applied 
stimulus, a process called accommodation. 
'--'-""""""'--:~ru~.limd,(ne~} 
"-f..__... ....... __._.. ufil®on.lime (m~} 
The strength-duration curve shows that a minimum duration (the utilization time) is essential for even 
the strongest stimulus to evoke a response the chronaxie of a large motor nerve is considerably less 
than that of skeletal muscle, demonstrating the greater excitability of the nerve. 
:3. MaturatiOn and nHea5e· 
The life history of synaptic vesicles and other membranous organelles involved in synaptic 
transmission. Proteins and lipids are synthesized and incorporated into membranes within the 
endoplasmic reticulum and golgi apparatus of the neuron's cell body. Organelles are then assembled 
from these components and exported from the cell body into the axon where they are rapidly moved 
towards terminals by fast axonal transport. Some of the material is deposited along the axon to 
maintain the axolemma Synaptic visicles and their precursors reach the neuron's terminals to 
participate in the exocytotic release of transmitter substances. The membranes of synaptic vesicles are 
used many times over in the release process. At random, a small amount of the membrane becomes 
degraded by lysosomes and this material is returned to the cell body by fast retrograde axonal 
transport. The degraded membrane is partly recycled; its residue is progressively accumulated in large, 
end-stage lysosomes that are characteristic of neuronal cell bodies. 
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Modul14 Axoplasm.ic transport. 
Axoplasmic transport 
Axoplasmic transport is the movement of perikargally (cell body) material into axons and dendrites. 
This mechanism supplies the dendrites with protein and other constituents necessary for structure and 
functional intergrity.It also carries neurotransmitters and the enzymes needed for their metabolism. 
Since axoplasmic transport supports such functions, its b reakdown can lead to pathology. 
In mammalian nerve fibers, isotope labelled studies show the presence two types of transport: 
(i) A slow axoplasmic transport at 0.5 - 3 mm/day know as axoplasmic flow and . 
(ii) A fast axoplasmic transport at about 400 mm/ day which is known as axonal tr~port. 
Anterograde (or orthograde) axonal transport is the transport of materials away from the cell body . 
.. · 
Retrograde axonal transport is the transport or returning worn out materials from terminals to the cell 
body, either for degradation or for restoration. The rate is about o~e half to two thirds that of 
orthograde transport. 
Fast transport 
Using ligation or crush techniques, studies have shown acetlycholinesterase, norephinephrine, 
including a wide variety of polypeptides, proteins, enzymes are all transported by fast axonal transport. 
It is dependent an oxidative phosphorylation and a local supply of A TP is needed along entire length of 
the fiber for energy)\ 
Slow transport 
Phospholipids and phosphoproteins are transported by slow axonal transport. Amino acids too are 
transported by this mechanism. 
Some neurotropic viruses, tetanus toxin and certain viruses (rabies/polio) reach the central nervous 
system by ascending from peripheral nerve terminals to cell body by grade transport. 
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Modul 15 Pathway for pain and temperature. 
. PONS 
sPINAl _tORO 
·~mntl «fi~!p~. thirily rnietinate~.fi~ers ~uyeying p~in and 
th~uJ sen .. u:tnmis enter ~e_spinal co.rd·vi~ the·Iarer~ .di,•ision 
ohJ~c dot~i,(JH)ste~i.or) :r~u~.\Vithln. ~ $pbtJd ~o:rd _the). :itsceu~Lfqr 
one or tw.o seg01eut$ 1llld project.upon rt~ur.f,lil.S in severaJ.Jnm.inue<in 
the pos~rior hon1. From.trtwt ~umns iu ·laminae v to viii, ~ons 
cru~ in the.~nterior whlte comniissur~ and t"otm the_hrter~l 
spiuoth.nlnmic ~ad ln ~ latemff~~Jctd~. Sucrnf .liJler, a,re btteraJJy 
. plnci!d and ~~~ fibers arc ~r.e !nediJllly pla~d in (be trm:t. The· 
.· Spinoihaht~ic tnlct astt?llds fhrc.\-'gtlOld the. s}i)nril~onl and. br.ptt S~ttl 
tq: )lrnjett ilpqn neutomt:tn· t~c ~eu&hl ~qt~ll]n~ ~cleiis {VPL) of 
t,.AlEJ\1\t.. . .. the .thalaDU.JS~·~OnS of V,l'~ neufOJis" ~roJ.eet to the so~tht!~.cortex .. 
SPIHO~ l~.sion.~ of the .splnothala.mle. tt'act resliU in dimin&~tion ~tJG# ot pail1 ;and 
... _TRACT · thermalsensetnJJfrtllater:il to'ibc:iesion.when tbe.h-act·is~ftected'm the 
B{linu.l cord~ t11e senSbry ·detidt begins .one or twQ seg~ent~r-bclow.tfae 
tm·el ot the lt$io~ · · · · · · · · · · · · · · · · · · 
C«fbr~- COrl~~ 
lrmt<:!!·<llf;tl ~(I'\.I'.J The nnterul:! ter::t] s\·stcm m~tli:l!~.< nahr n od 'fcm pL'Tn tur c sco>c 
The nnt.:rolnh;ntl sys tem mediates .pa.in nntl femJ1eraturc. sense 
the au te•·olntcnl.l p:ttJnvay crosses in the :s piruJl m nl nnrl t bcir 
~e1J or odgin (in 'the d orsal horn) ;u·e postsynaptir:. to Hie 
11rimm·y affcrMt fibers. l n 2dditinu, the incoming rrt'!'erent 
fi ller~ ;\sceud. 9uc o r h.vo sc;gntents IJ.cfo rc syaJJp:<ing on cells 
tn.:l t project to the I.H-:lin S.tem or lhaJ:rnlus . 
The nmjo·,. -r~rmin~tt:ion or d tc pnth,\:nys in the :m'ferol.ater'rll 
columns is in i.11e thnb .mus. This i~ tltespiuothalnmic tract. 
The anterola ter31 p:sthW!JYS ltls o project 111 tbc l•)wcr ln·nin ~tem 
ltn!l ·thc midbrain. The termin ation .in the lower urah1 stc.m is. 
_ rather tliffusC IIIlO is af~O called the :<pinorc~ca.Ja t• tract· hec:!U~l' 
Axll'1 ol roturan 10 P<lW:'iOr • • - r ..> 1 f 1 -
tlm~;>~f int~<MI PI'""''' It t~&·.mrnates 111 D r cg1011 or me cen tra co r.!! o the Jl':tlll stem 
PO~lo:lot j>,:41r~l t:l U;~,rs -known as the rcticulm· ti.11·ma tion. ·rlH! tcrm.inution in th.:- gr a,y 
tn;~lw !ifour uuHter (J f tht! midbrain in ,tht' l"!;'gion stirnJUncling lh~.;&qucduct 
of $}'1·,-ius calicd the m cs-entcpb:tli_c pc~i!l l}ucdu'ctal gray! 
is thought to J;c iiiiJltirtnnt ut en dog:enou:; medwui.<ms for p:li.n 
inhibition. 
·--
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Modul16 Qualities with .· .· .·.. ., ... . · .. ·.: ·:: ~f.l ... a.n9. pa.i~ .Pat~'-"{~.Y· . . .. .. . . ,·· .. .. •.· 
'\t 
~~~,~-~~:~,~l.~J~~~\\1~1:-~~~~; 
Qualities of pain. · 
Pain can be categorized in terms of a number of qualities, defined either by the site of origin 
of the pain or by its nature. · 
The major subdivision of the modality pain is that into the qualities somatic pain and viceral 
pain. 
somatic pain. 
If somatic pain pain originates in the skin it is called superficial pain if it cames from the 
muscles, bones, joint or connective tissue it is called. deep pain. Superficial and deep pain are 
thus (sub) qualitites of somatic pain. · 
If superficial pain is produced by piercing the skin with a needle, the subject feels a sharp 
"flash" of pain, a readily localizable sensation that fades a way rapidly when the stimulus 
stops. This initial pain is often followed, particularly at high stimulus intensities, by a delayed 
pain with a latency of 0.5- 1.0 sec. The delayed pain has a dull (burning) character, is more 
J;;;;~ul~ ~u k.~(.o;;L\;! a1 iu dic6 OJ~ i 11ul e ~iuvviy; ~ yuuJ eAdi'JJj.Ji~ b U 10 ~cii1 \ fc:~ h, 1 t.::;:;,~ui iSt; ~u 
squeezing of on interdigital fold. · . 
The most familiar example of deep pain is headache probably the commonese form of pain 
experienced by humans. Deep pain is dull in nature, is poorly localizable as a rule and tends 
to radiate into the surroundings. 
· .. ----... -

The production of referred pain probably occurs as shown in figures. Some of the pain 
afferents from the skin and the internal organs that enter a given spinal segment are 
connected with the same neurons of origin of the spinothalamic tract. Excitation of such cells 
is interpreted as pain at the periphery because this interpretation is usually appropriate in the 
body's experience. When an internal organ is diseased, there is often a further consequence 
of the convergence of noczceptive afferents from the organ and the associated dermatome 
upon neurons in the pain pathway -hyperesthesia (over sensitivity) of the skin in the 
dermatome. The reason is that the excitability of the spinal interneurons is increased by the 
visceral impulses so that a stimulus to the skin causes greater than normal central activity 
(facilitation) 
spread of e)(citation 
from vi$ceial to skin 
neurons at ~pinal 
synapse· 
to thalamus and. 
~enso,.y· cortex · 
{ 
·anterior 











The 1·c1TcX. pathwny ondcrlying rofcrrcd. pain. Some of rhc pain affcrcnts from the' 
viscera synapse 1njhc svinal ~:or~ ·)v_i th the Stlmc I)C1inms of tho l:Ucr~l 
:Spinotha1~mic 'tract on which C4tlli1c01is (Jilin nffcrcnts tcnnirralc:' 
One explanation of referred pain is on the basis of spread of excitation from neurons from 
the viscera to neurons that receive pain impulses from the skin. Consequently, both visceral 
and skin sensations travel along spinothalamic pathways for skin. Subsequently interpretation 
by the cortex that the pain originated from the skin. 
. ·-- .. _ 
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Modul 17 The spinothalamic pathways. 
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eilnglill. 
(!) Nco~on~ ttf Lh t' occnud onkr nilh eel! bndiL~ in tlt~ 
J'l)!itetiur Iwrn~ ::md~ l\"iili otttln~ rhu1 ~lCCU'i~;ue .!Ul\l 
~.\ten <I :tt Ute· Ltlentl <pintrtb:tl!lmic lr:ter tnLhc tb:tlnmu; :mtl 
IJ) Neuron• oft be thin! ttrtlcr)\"illt ra:IJ hmlit~ in .the tlr:tl:tnun 
nntl ,.-ltJJ ~~nus UlnlJirojcct ·'u 1111: ccrchr:tl I'.Qrtcx. 
n!f"-:~'"'::-l~1~1:•f1-,~ff ;llttl....C 11t~ indircc.t SjtiMih:J!JuniC pll\tnmy .iJi cumpo~r.cl or : 





V•.rilr al -'tiloltlfral 
~ ·~~ 
u•••>~ J9'!'0'~'"'""< 1t.1od 
(Ho::~ .¢<~•1 
l .... ot~.l/iJCi 
(1 )Neumn !tf the r.r"! ortlcr. 
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p~t~rklr L11crol oud~.os (VPL). lniJnc:nc~ ftMl .tbc th:d:ttbtLi are projc:clcd 
by thmllm9crirlit~ ·nbcn fTCFl• 
.. ·-----·-
-- ~-
Figure 3: This slow pathway for pain, temp-eratu re, and 
sexual sensa tions involves sensory fibers that syn~tpsc Conex 
dircctlr wi th dorsn l hom celts in the spinal cord, then 
cross over and tr:wel up the spinothalamic truc£s to 
the thulamus. F rom the thalamus~ :!:!.:011 ascend 10 Thalamus 
S)'llnpsc in different region.~ of tile sensQQ' cortex. 
rigure ~: Tbe antcrolat eJ·al.systcm of spinothalamic, 
spinoreticular a nd spinotct·tal fibers, n:hica convey 
information about p~in to broad regions of the .brain 
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Modul 18 Spinocerebellar pathways. 
Receptors in the extremities and body wall, especially those in the muscles and tendons, are 
continually monitoring the immediate status or muscle contraction and the momentary degree of 
tension within the tendon. The resulting "unconscious" proprioceptive information from the muscles 
tendons and joints is projected to the cerebellum via four pathways whose fibers terminate as mossy 
fibers in the cerebre liar cortex. 
Same input to the cerebellum comes from exteroceptive receptors in the skin. The posterior and 
anterior spinocerebellar tract convey these influences from the lower extremities and the caudal half of 
the body, while the cuneocerebellar tract and the rostral spinocerebellar tract convey influences from 
the upper extremities and upper half of the body. · 
The spinocerebellar tracts include (1) the uncrossed posterior spinocerebellar tract that passes through 
the inferior cerebellar peduncle and terminates in the palecerebellum, and (2) the crossed anterior 
spinocerebellar tract that passes through the superior cerebellar peduncle and terminates in the 
paleocerebellum. The spinovestibular tract includes fibers that terminate in the vestibular nuclei. The 
spinoreticular tract is composed of crossed and uncrossed fibers that terminate in some brainstem 
reticular nuclei. 
Spinoreticular tract 
. ·--- ._ 
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Modul 19 Somatic sensation- an overall view. 
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Afferent information from the body is relayed to the cerebral cortex by two major ascending system: 
The dorsal column-mediallemniscal system and the anterolateral pathway ( see fig A,B). These 
systems, which se1V~ different functions, converge in the thalamus, (see table below). The ventral 
posterior lateral nucleu~ and the poste~or lat~ral.nucleus and the posterior nucle~ group mediat~ ~e 
projection to the somatic sensory comes, which mclude S-I, S-IT and the somatic sensory association 
area. In the somatic sensory corties, afferent information further processed somatic perception. 
TABLE· 
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Modul20 
Principle of convergence. 
Each neuron of the central nervous system is excited and inhibited by the synaptic activity 
of many other neurons, on its dendrites and cell body. This receptive portion of the 
neuron is the focus for the convergence of the activity of, tn many cases, literally 
thousands of other neurons. The intergrated reactivity op the excitatory and inhibitoty 
synapses on the receptor portion of the neuron may result in the generation op an action 
potential in the axon of the neur_on . •.. ·· .... ···.·. 
~-
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Principle of divergence. 
Each neuron synapses with many other neurons. An afferent nerve cell that is stimulated 
by peripheral receptors terminates in the central nervous system by arboriz ing into many 
branches, each branch having synapt ic contact with tme receptive port ion of many other 
neurons. The oppurtunity of a neuron to excite or to inhibit numerous, other neurons by 
the divergence of its axonal terminal branches is a fundamental principle underlying the 







Prinei~te of divergen,ce~·Ope presynaptic new-on branches a.nd zynapse 
.with severa1 po~ynaptic neuron. · · · 
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Diagram of the divergence of two dorsal roo~ =bers (nffetents} to spin~ro.ns. 
The a.xons of these neurons in turn branch into n farge number op .coHatera1s. 
Facilitation. 
Facilitation (literally, "making easy") is the phenomenon wherein a normally subliminal 
(subthreshol~) stimulus form a pr~synaptic neuron "prime~" a postsynapti.c neuron so ~at another 
subliminal sttmulus can evoke a dtschar of the postsynaptic neuron. In bnef, the first stlDlulus has 
facilitated the postsynaptic neuron. 
The start of a sprint race offers an anology. The starter's instruction of "get set" is the stimulus that 
"facilitates" the sprinters for the final stimulus of "go" many interactions of the central nervous 
·n"''~""'f"' f't:l"t'lt'tr;lt1on c---,r"'tPm ! 't __,~- v- ~~~""" ~ ,;... . 
>Jj •• ~ .... 
Recruitment. . . . . . 
Recruitment (the recruiting of neurons) 1s a neurophysiologic phenomenan in which a response 
(action potential) is obtained only after a rapid succession of afferent stimuli is delivered. The 
complex of multiple chains interca~ate~ ~etween the stimulated sites (afferent neuron) and the 
responsive sites (efferent neurons) ts cnttcal to the phenomenan of recruitment. 
Recruitment is a form of facilitation primary utilizing closed multineuronal circuits. The following is 
a simplified explaination of this complex activity. The impulses resulting from the first afferent 
volleys travel via short circuits (an open loop) to the motor pool. These initial volleys also activate 
closed multiple-chain circuits, but the resulting impulses arrive at the motor pool too late to 
summate with those traveling over the short circuits. However, these initial volleys transmitted 
through the closed multiple circuits arrive at the same time as the subsequent volleys transmitted 
with the short circuits. The resulting summation facilitates a response from the motor neurons on the 
motor pool. Recruitment is a form of facilitation obtained by repetitive stimulation. The 
complexities of the circuits capable of eliciting recruitment stagger the imagination. 
( A volley - is the firing of a group of neurons) 
>·· ....• · 
. s ltnple'JeMbuck ciri:ui~ J~ wh!cll tl,le a){c)J) ·collflteraJ.:b.nmdi&f n~.uron ~. S.~~pses . ·.
·with!ntcrrieuron·y, which.· in tum.:·synapseS)~dth.n.eurot1 x, · · . . " - ... ' .·. - .· ., •' .. , ·, '·,···. .·. .. 
~-· 
)).-~ -· --· ··-~~<: · .. ·~ .. ·• .. · 
" ~ 
. Sin1ple feed.;forwatcl circuir~·bask to rectu·i~cn~t and.after discharge, as discussed in ireaL 
The response of same intact sense organs is more complicated because many sensory fibers emerge 
from them. Therefore, strong stimulation increases not only the frequency of discharge of individual 
afferent fibers but also the number of activated sensory units. The latter are more numerous when a 
strong stimulus is applied than a weak one is used. The process of bringing in several sensory fibers 
during stimulation h~s b~en aptly .a~d pictu:esquely d~scribe~_as recruitment of sensory units, 
because it is something hke recruiting soldiers for a gtven mdttary task. 
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· iliJ.ili!Jte far thc:iqlro[ler ldt-nlitkaHiln _iis fw_tt.ltirnuli. . . 
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UJll)litd .to ~ buoy prumintntc. 
~NtAH 5.fonbiUty (IJ muint:tin .'It early !>tii11diug vo&tn-re ''"ben eyt.'l n-re closed 
· toAPUStl~ und kt..';t u~ pi :teed dn!le tog~ber {nt~~qt t~t). ~~th ptt~t.' b®n 
_1o ~''sy :mtt :mnr !1111 JTben lbt•t eloM: tlteitey~. T~bith eUanlmttc:s 
JOINt l'&."u.ul ttunpeu.•mtittn. · · · · · · · 
(F'igur .e 2 
(Figure 3) 
l'ostl'~ior column - mct1i:11 1 enmisc:~l oathw:n·. 
Thi.~ major system cQm·eys in formation frmn mc~;:b:mor~-cplor~ 
in the skirr, muscles l"l!tH.lons, ;tnlf j !'lin ts. (T heir activity i;; 
subjectively pcrccrvec:l in ·basically lhrel! fonn5 r1f sc.nsibiiif)· : 
llmch~pr~~urc, kin.<:-'l!hcsia (posi t'iun ~cu.sc) and ·vihnltory 
scnxc. 'fom:h-prcssu.re i!;_ the ~r,nsc Te~-ulting: trum dcfon nalion 
.. li of the skin: ltmt'sthcsia induJ cs th~ sense vf Jl!lsiti.on and 
~l..;lo.r----l- ThJ!a(!\OC:OIICal ibtrS • r . . I . t 'b 
llhlrd.,.;,.,l movemc.nt tl 'onrts (:J.n!: c-mo,·cmcnt u ctectors). \'1 ratory 
sen~ed fr om m~i~ner's corpu>;clcs arc cnl.lt'd lluftc t·-yibmtiom: 
~-lii,_-:11,..--+·VO•nlltJi>Olt,,ot•ter&i.!O-·W hz), n·b ile reco~ninoo o.f !b o~c f~om.~ccp S'lnl!:tij res 
!~•lim!!' ~uclt~$ suc.'h :.Is j oinf!l nnd bone is (:nJJcd tltc Yrbn~lion sense. \'ibmttJI'V 
sco.o;e (1·oughly .:1 00 1;. froiil p ad.nian torpusi:le~) is ;tctu:tlly • 
a sensing: pf m ph!; successiycstimuli of tactile sense.) 
The IHJ,<; lcd or colum n-medi;rllcmnisc:l l 
'f'athwuy ~ ·i~ tomrJnsed of: 
(1) Neuro ns ufliu;: fi t·.!it orde r \v:ith cell houies in the s pin.'ll 
-gn n;!lit~n mu] )~·ith a..xon.S tru1t n~.ccotl .iu ih c postc l'ior 
cuhnnn tu the nuclei gdtciiis -and cuiJCat us; 
{2) 1\ku.rons of tlic sccomJ o rtlc.r with c!!ll hvd ics-' iu the nuclei 
grncjt!s 11nd C"J.nc-::itns unil wi[h :u:iin.s thnt dctus~ate <iS fl11~ 
in ternal nrcullle .fibers in the lower med ulla und :t!scwd j n 
the mcllinllcmnist;IJS to the :th nlnmul\; ;tnd 
(3) Ncurnns of the third order w ith ~;cllliodies in .tin: thalamus 
ani! w!lh axOHS tbni·projed to-the t crclmil cort cx{posf 
centra! gyrus}. Colinrcral flrancbcs of th e ncunm of the 
fir,~t l:n·der pnS$ ttl tl1e lJOs.tc.riur h urn th e :lttterior hom nnd 
t11e po~tcrior colu~i11; !Ire last :1rc de..,~ccrn!iltg a$sociatiori 
-fil>CJ'$. 
Tt'>uch nnthwtJ"\\'<·•md spinotectal trat:t . 
Tllc tuuch JHlthways- include : 
( L) iltc pu~tct·i()r l:olutnn Jnt>tlh-11! 
tenrniscusthiJ I:nuocurnr:.al Pilthway und 
(.2) the- :\MeriQI' S11LUOdt:d:tmic 
tract-thalumocortic:tl p:ttbmly. 
'Ihe sph1otet.tuf puthm\y is comp:)set1 of~ 
( I) neurons nfthe. fi:rst order with c111l bodies io 
·fuc spinal g11nglia, anti 
(2j neu,.nns nfthe s_t~ond onl cr witb edt bodies 
Venttat po~torolate~al )u the poste-rior hom witllll:!:llt!S thnl 
lhalam•c nucleus • 
· d<!cuS.S:t te tlml ast~nrl n~ the spmorectal 
~.t·act tt) the snperiol· >:n1liculu.:;. 
Anteroor ~ponot~n!;~m•c !tatl 
sensory nerve 
ending 
. ·~td-::------ somatosensory 
cart~ Ft~sl" pn!hway for touch >md pressure :;ensptious frnm 
1------~-+---niedial 
!,emniscus 
axon in . 
the skin thro ugh the dnrsal column lll' tbe spin;1l c(lrd 
and tht! med·inllenm iscu~, which-is bctwe~:.n' tltc mcdulb 
·un\1 the th::damus. l•' a·om thi! thulamus, nxon.~ a~ccnd .;n 
the st'u.Wry corte :'C . 
. dorsal column 
·---
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Modul 22 Integumentary sensorria. 
Free nerve endioss 
~o.lni's ,orsan 
(Figure I) 
Pacinian corpuscle : deep pressure 
A. Largest, most widely distributed encapsulated receptors; detects deep pressure. , 
B. Concentric layers of connective tissue (separated by vezy thin cell layers) enclosing terminal 
nerve fiber within protoplasmic core. 
c. Deep in dennis ; prominent in hand and foot, peritoneum, mesenteries, genitalia and walls of 
many viscera ; also in ligaments and joint capsules. 
\\ 
Rufini' s organ : heat 
A. Elongated, encapsulated receptors , nerve fibers branch and terminate within central 
syncytium , enclosed by connective tissue capsule, sense of heat. 
B. Deep in dermis and subdennis. 
c. Sensitive to temperatures exceeding that of normal body, particularly sensitive to 
temperature differentials. 
D. Number varies greatly in different parts of body. 
E. Generally much less nwnerous than cold receptors in any given area. 
Krause's bulb :c~ld 
A. Spherical encapsulated receptors , nerve fiber branches with convolutions in central 
syncytium, enclosed by connective tissue capsule, sense of cold. 
B. Deep in dermis 
c. Sensitive to temperature, lower than body temperature , particularly sensitive to temperature 
differentials. 
g_omplex sensation 
Intergumentary recep~ors are .rarely stimulated sin~ly; 
l. Usually nature of sttmulus ts such that several different types of receptors are stimulated 
stimultaneously . 
2. Cerebral cortical_associatio~s produ~e broad spectrum of complex sensations from various 
combination of stmple, baste sensattons . 
.. ·---.. _ 
Free nerve ending ; pain 
A. Simpleast least specialized of receptors, numerous branches with bare terminal ending, 
associated with pain. 
B. Most widely distributed nerve ending , most numerous in skin but also in mucous membranes 
and muscles of visceral organs. 
C. Extend into germinative layer of epidermis (see dyna-vue th 4. 0 I) 
Hair ending plexus, hair movement 
A. Neural Fiber Plexus, associated with hair root (see dyna -vue Th 4.01). 
B. Movement of hair shaft stimulates awareness of hair movement 
Meissner's corpuscle ,touch -light pressure. 
A. Encapsulated receptors in dermal papillae, associated with sense of touch and·light pressure. 
B. Corpuscle consists of vertically-layered cells interspersed with nerve fibers, and enclosed 
by thin connective tissue sheath. 
C. From 1 to 4 nerve fibers per corpuscle 
D. Mainly in hairless portion of skin, especially in fmgers, toes, hands and feet, also in lips and 
tip of tongue 
E. Sense of touch and pressure very similar , but touch is the more localized in time and space 
(or position) 
Merkel ' s discs : touch 
A. Multibranched nerve fiber with terminal discs on each branch, with single epidermal cell 
above each discs. 
B. Single nerve fiber supplies many discs. 
c. Pressure on epithelial cell stimulates discs below, interpreted as touch 







Schematic drawing of the structure and position ofmechanoreceptors in hairless (A) and ha,iry (B) 
skin. 
Pacinian corpuscles :-
Acceleration detector also called pc receptors also found in tendons and fascia of the muscles in the 
periosteum in the joints capsules and in the mesenteries. 
Meissner corpuscles:-
Also called meissner's tactile corpuscles moderately rapidly adapting in hairless skin. 
Hair follicles receptor :-
Velocity detectors in hairy skin. 
Merkel's disks :-
Also called merkel cell complexes slowly adapting intensity detectors in hairless skin located in 
small groups in the lower most layers of the epidermis. Merkel cell complexes are also found in 
hairy skin, but lie in special dome corpuscles elevated above the surrounding skin surface, also 
called pinkus- iggotactile corpuscles. 
Ruffini corpuscles:-
Slowly adapting intradermal receptors found in the deeper layers of the dermis of hairy and 
glabrous skin ( hairless skin ) All the mechonoreceptors are supplied by myelinated afferent nerve of 
group II (diameter 5- 1 0 urn, conduction velocity 30-70 m/s ). . 
A Toucl1 dome (type I S.'\) .B 
Meissener cor{msck (RA) 
Pacini:ln corpuscle (RA) 
(Figure 3) 
Morphology of me~hanorece~tors of the hairy and glabro~s. skin. . . 
A) Hairy skin, Raptdly Adaptmg (RA) receptors, the pa~mtan corpuscle~ IS locate~ m the 
border region between the dermal and subcutaneous tissue. Other raptdly adaptmg receptors 
have fibers that are connected by free nerve endings at the based of the hair follicles. The 
type I slowly adapting (Sa) rec~ptors corre~pond to the touch dome. The type IT slowly 
adapting receptors are located m the ruffim end-organ. 
B) Glabrous skin ( hairless skin ). 
Meissner corpuscles, which are rapidly adapting receptors, are located in dermal papillae. 
Pacinian corpuscles are located beneath glabrous skin as well as hairy skin. 
myelinated afferents) fibers. These fras activate interneuronal circuits with widespread polysynaptic 
connections within the spinal cord. The eventual effects of this spinal activity are (1) ixcitation of 
the alpha motor neurons to flexor muscles and (2) inhibition of the alpha motor neurons to the 
antagonistic extensor muscles. 
The flexor reflex loop (see figure). This three-neuron disynaptic ipsilateral, intersegmental reflex is 
composed of a sensory receptor in the skin, afferent neuron, spinal intersegmental neurons, alpha 
motor neurons and voluntary muscles. This reflex can be facilitated by the ''secondary sensory 
ending" (flower spray ending) of neuromuscular spindle, afferent neuron, spinal intemeurons, alpha 
motor neurons and voluntary muscles. · 
··-
tlow#S.JSril.)' endings 
The muscle spindle as an informant. 
Muscle spindles are capable of relaying for more information than merely changes in length. 
Because of represetlce of another set of sensory nerve endings within the spindle, the secondary. (2) 
fibers, the spindles can also convey information concerning the rate at which a muscle is changing 
its length. The fibers form "flower-spray" endings around the ends of long, thin, intrafusal fibers, 
known as the nuclear chain fibers. The annulospiml endings of the Ia fibers wrap around the central 
region of a different type of intrafusal fiber, the nucl~ar b~g fiber. ~here are severa~ la and 2 nerve~. 
(in addition of course, to the gamma motor fibers a s1mphfied verst on of muscle spindle structure Is 
shown. 
. interneuron 
Flexor reflex responses (protective or withdrawal reflexes). 
The flexor responses are initiated by a heterogeneous group of afferents called fle or reflex afferents 
(fra' s) with r~ceptors ending_ in the skin, muscle, joints and v!.~cera .. They include a delta and c pain 
fibers, group n (secondary spmdle afferents fibers and group 111 and tv (free nerve endings of 
2) To preset the muscle to contract to lift a load and to make adjustments in contraction rate and 










The gamma loop. The twitch fibers of the muscle are innervated by the axons of the alpha 
motoneurons. The intrafusal fibers of the muscle spindle are innervated by the gamma motoneurons. 
The muscle spindle also innervated by la sensory fibers that synapse directly on the alpha 
motoneurons. 
··--
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Modul 23 Gamma reflex loop. 
U P~Jer ntotor ·neuron, 
-~. . ... ··.: · .. ··· ·· .. 
· \ UP.Petmotor neuron 
Alpb;t rilo.tor n~uron 
Gamma reflex loo11. 
·\ 
As a muscle contracts, the neuromuscular spindles within the muscle become passively shorter. With 
this shortening there is a cancomitant reduction in the rate of spindle firing via ia afferent neurons to 
the alpha motor pool. With this rati reduction, the system is not able to maintain the continuous · 
contraction of any muscle mass. Continous contraction of a muscle mass results when the muscle 
fibers are in various degrees of contraction in response to asynchronous voll~ys of alpha motor 
neurons (a volley is the firing of a group of neurons). This continous contraction is dependent upon 
the gamma reflex loop. 
The figure shows gamma reflex loop and the golgi tendon endings. The gamma loop comprises (i) 
gamma motor neuron 
(ii) neuromuscular spindle 
(iii) afferent neuron (i a fiber), 
(iv) alpha motor neuron, and 
(v) voluntary muscle. 
The upper motor neuron can facilitate the gamma motor neurons. The golgi tendon endings are 
involved in the loop composed of golgi tendon endings, afferent neuron, spinal intrasegmental 
neuron, and alpha motor neuron. 
The gamma loop is the pathway that involves the alpha and the gamma neurons and the ia sensory 
fibers that connect them. the gamma loop is essential: 
1) To set the general level of muscle tone precisely, and so to control posture. 
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Modul 24 Pathways for nonconscious proprioception. 
Nonconscious proprioception is mediated via the two spinocerebellar tracts these are the 
posterior (dorsal) and anterior (ventral). 
The posterior spinocerebellar tract conveys impulses from the muscle spindle and golgi 
tendon organ. Such impulses travel via groups of ia, ib, and ii nerve fibers, enter the spinal 
cord in the medial, thickly myelinated, large diameter fiber portion of the posterior root, 
and project upon the ipsilateral nucleus dorsalis of clarke. Axons of neurors in this nucleus 
(second order neurons) form the posterior spinocerebellar tract, which ascends in the 
lateral funiculus of the spinal cord and the medulla oblongata to reach the cerebellum via 
the inferior cerebellar peduncle (restiform body). 
The anterior spinocerebellar tract conveys impulses from the golgi tendon organ. Incoming 
fibers project upon neurons in the posterior horn of the spinal cord (laminae v to vii). 
Axons of neurons in these laminae decussate to the contralateral lateral fun iculus to form 
the anterior spinocerebellar tract, which ascends throughout the spinal cord., medulla 
oblongata, puns, and mid-brain, loops backward to join th~ superior cerebellar peduncle 
(brachium conjunctivum), and enters the cerebellum. The spinocerebellar pathways convey 
to the cerebellum information about activity of muscles and progress of motion for 
coordination of movement. 
Lesion of the spinocerebellar pathways (as occur in hereditary spinocerebellar 
degeneration) result in incoordinate movement. such patients tend to walk with a wide 
base, stagger, and frequently fall. 
SPHlA!.. COR!l 
. ·----... .. _ 
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Modul 25 Cerebral circulation. 
The internal carotid and vertebral arteries provide the total blood supply which is relatively 
constant during exercise, postural/ gravitational changes, mental acuity and sleep regional 
blood flow may change in response to activity in parts of the brain. 
CEREBR}ili 
CIRCl[.ATION 





!Pan Whit¢ J;Uatter (w/W. bm;Is) 
· grey matter has richeapillaiy 
~pply_· 
.supplies braitlt tissue. which· witl:t cere.brmpinal . _ . . .. 
~~d~ Js enciQSCd in rlgid craniunl) bet1ce VQlntn~ ·of tot& _ln~i.ttl. 
contents is nearly eonstant(arul brain blOOd flow is relalively.-comr.ant) 
· · when sroppedfotJO sec. (CJ} catdlac attest) 
----i_f>--_1lnconscio\lstless 
when Pa01 decreac:e _to35nw hg 
--· -~- ~~10\b"'Iie$ 
· when.l~a01 ~c~~steeply(llyperbad_c 0) '* ~. vasoe<irisftlction · 
proyt~ glucose ;as. ~ot · rt1eta})ollc ~efgy ·sources (durlng starvati()Jl 
.free fatty aclds 311~ ~tones may l1e used · · -
is sfabiDSed_by ·barorecep10rs1r~aro,tklsmus 
.whlch lllDnifot pressure· of blo<Xt flo\\'ing to braill, ·and Via pri?ssor-
.tcllexPS regulate .aortic blood pressure; bence. b.ratn 1s proteCted from 
acute chariges Jn blood pressUre. 
Regulation of cerebral blood flow. · 
f-~ 
-:R 
::;: Meari aortic pt§4iUte --rnremal Ju&.u1~ llr•m 
-Cerebral vascular reslstaJlCe 
Du_cto 
CVR 
On assuming upright position, both arterial and venous pressures in brain decrease by same amount, 
hence perfusion pressure (and blood flow) are maintained steady. 
Effects of intracranial pressure on cerebral blood flow. 
f Intracranial Pte$ ~ CompreSsion CetebtalVe$els 
.»hin&. 
· f C~ •• ·t- Blood Flow 
· · J BIOOdFiow . 
. . ,. t . ' 
_...._ __ ....._ ........... · ...... --~--v~ Gratlkm,fl.'~Flgw 
CAP = Cereb~lAJ1erlal Pressure 
Control. 
1. Autoregulation 
Main determinant is P AC02flow relatively steady over arterial blood pressure range 
60-200mmhg. Anaesthetics may reduce brain metabolism and hence, brain blood flow 
2. Sympathetic nervous system (noradrenaline- receptor) 
(constriction) 
Unimportant in cerebral vasomotor regulation 
3. Parasympathetic nervous system (ach-muscarinic receptors (dilatation) 
Unimportant in cerebral vasomotor regulation 
Autoregulation of circulation. 
Flow = Pressure 
Resistance 
Tissue flow is regulated by intrinsic local changes in resistance of arterioles, metarterioles, and 
precapillary sphincters. 
This tailors the flow to the tissue metabolic requirements. 
Autoregulation is of particular importance in vessels of brain, muscle, heart, kidney, intestine and 
liver. 






Flow· pressure relationship intissues·With.rela.tivelycQns.tarit 
mefahdlic ·requJremerus: · · 







· . Flowil~ure~atiorishlp in ti$tJes·with changmg 
metabolic requirements. . . . 
Mechanism of autoregulation. . 
t TISSUE AP1Vf1Y 
OR.B@D FLOW 
~~DJALITORSUBSTANCES 
. (r~ADP;\MP $C.). 
·t•rot VASODII.ATAT!ON 
tBWODFLOW 
·• especially in muscle 
, especially in brain {cot diffuses through blood-brain barrier mto lnteiStltialllu.td 
- Jllo H~ ~dilatation) 
; 
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Modul 26 Diagram of the parasymphathetic (craniosacral) division of .the 
autonomic nervous system. 
The preganglionic.and postganglionic neurons are cholinergic. 
__ ....._ :~reganglip,ni.c neuron· 
;.. ""'• .... ...;. .?~.S!~~gli~ldc neliro~ · 
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Modul 27 Classification of nerve fibers. 
1. Motor and sensory nerve. 
Classification of nerve fibers by Erlanger/Gasser: 
Fiber type: Function (eumptes) A'Yg .. fiber diameter . Avg. ·cood. velocity 
(J.UD) (m!s) . 
Act. Primary muse~~spmdle· IS -~00{10-120}': aft'._ motor to skeletil 
inuscles 
AI.\ Cutaneous touc&:amt. a 50(3~10)-· . . . . afFeteilts .. 




CutaneOus teinPCMuto alld 
- -· . 
tS(12~30) AS <3 cam afferems 
B- s -=·· .s c J)J"e~sdiODic. 3-.. · 7(3-15}. .. 
C. Cutaneous pain affereats, .) l(O.S.2)-.• eti--· . ·"' :..... . .. I. . ··mated} . C· . t 
2. Sensory nerves. 
Classification of nerve fibers by Lloyd/Hunt: 
Group Function (examples~ Avg_. fiber·diameter Avg. cond.t; vefoeity··· · 
\. _.(J.Un) (mls) 
1 Primary ntUsd~$piodJe- 13 "15(7~120) 
afferents and aJfeaents ·tmm ·-
organs ' 
.li Cutaneous mechm 
..:..:· 9 55(25-70} Of$. 
Deep pressure sensors-in 
. - .... 
3 11(_10·25):· 
. .. , 
·m 
.muscle · '• 
r-"" .IV UnmYelinated Pain fibers I l : ... --
SISTEM SARAF PUSAT 
Modul 28 Mylination of axons. 
srh cnh'~ 111 illu!.lrHr~ the mydimlliun ofli.\Hll~ hy llt ~ Sclt:mnn rcll. lrt :\ • . \1 null .\:! 
;
1 
nu m bc r of :n:ons inn\gtliate :t Sch:l" 1111 cell. s uch :n:on.s at·c s~iu to hc non-myrlinntrd. 
In B 0 a;i uglc inn·st igotl.'~ u Sdt~\\ nn {!Cll.lil Il l cndy J'(J!ntion uf Sch:mnn cdl is sh tmu. 
In U:! lhr Stha\\110 Cdl h a_.; r ulatctl :1 num ber or time!\ round the :nis ryJiJH.kr in suc h u wn~· 
111111 the :1 t oll hN·onH·~ .HH' n>u ndcd h~ il n u rulw r nf d oHhk hl)"l'n; 111' tfll' Schu wn n <'ell c~ tupl:1sm. 
B . H 1 :wd U2. th cn• l'orc . an• "iUl'rcs<:in- si:J~t'!\ in OH' drnloprn cn1 or I be mye lin shl•ar h. 
SISTEM SARAF PUSAT 
Modul 29 Cross section of a peripheral nerve showing myelinated and 
unmyelinated (arrow) fiber. 
~ . ------
SISTEM SARAF PUSAT 
Modul 30 Cellular organization of peripheral nerves. 





B. A diagram of the principal components of the peripheral nervous system. 















. •. Neuron lli.Oraci1e~·Nucleus~ 
• ;-· .'- .'•_!-•' ~ ':: '\"· ;...~:'···.·,..-.;:~· ....... _ ... ~. \t.t 
:_. ·. ~- .. · · 1~;_ . .-..6>.i..-:.Oof"satRciot· 









J. -_:achV(a1UlCen Nuc~eus, 
Myeliriat.ed !ntet:Qode 
ISTEM SARAF PUSAT 
Modul 31 Nerve injuries causing bladder dysfunction. 
Nerve injuries produce 3 types of bladder dysfunction: 
A. Atonic bladder 
Interruption of sensory nerve supply results in loss of bladder tone. The bladder may 
become extremely distended with no development of an urge to urinate. It fills to capacity, 
then overflow. 
B. Hypertonic bladder 
Interruption of the voluntary pathways results in excessive tone, and small distensions 
create an uncontrolled desire to urinate. 
c. Automatic bladder 
complete section of the cord above Sl causes··automatic emptying in response to filling. 
sen·sory path ~0 ;,;,..· .  .f-0111 
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DEMYELINATION .and REMYELINATlON 
E 
Diagram to summarize allergic segmental 
demyelination and remyelinaLion. 
A.Normal fibre. 
B .Demye! in ali on;macrophagcs ·are stripping 
lhe myel in sheath. Associated lymphoc) tes 
are also shown. · 
C. Schwnnn ceJl mi tosis. 
D,E. RemyeLinatron. 
SISTEM SARAF PUSAT 
Modul 33 Degeneration and regeneration in a mylenated nerve fiber. 
Schema of the wallerian degeneration and the regeneration in a severed peripheral myelinated nerve 
fibre. In these drawing are presented the endoneurium sheath in which the nuclei of the fibroblasts 
the myelin sheath in which the Schwann cell nuclei are surrounded by some cytoplasm (in dark 
grey). The neurofibrils are indicated within the axon. 
i) General view indicating the location of the nerve transection. The part of the nerve within the 
rectangular line is presented 
in higher magnification in the numbers (ii) up to (viii). . 
ii) 1st day after the section: swelling of the proximal axon stump end. 
iii) 2nd day: the axon is shrunken, varicose and the neurofibrils have disappeared; there is a 
retraction of the myelin sheath 
from the nodes and a proliferation of the endoneurium disappeared; there is a retraction of the 
myelin sheath from the 
nodes and a proliferation of the enooneurium fibroblasts. 
iv) 3rd day: vacuolization and fragmentation of the axon; fragmentation of the myelin; 
multiplication of the Schwann cells. . 
The myelin digestion starts at the periphery of the Schwann cells. 
v) 8th day: the axon fragments disappear; the Schwann cells invade the gap between both. nerve 
ends; the myelin stains . 
Marchi positive (in light grey); regeneration is strarting with a fork-like outgrowth ofneurofibrils 
from the proximal axon 
stump. These fibrils grow along the periphery of the myelin ellipsoids. 
vi) 12th day: the ~yelin fragments stain Sudan positive (in middle grey). 
vii) 20th day: the gap between both nerve ends is closed by Schwann cells and fibroblasts. This is 
the so called band fibre or 
Bungner band. Only one nerve fibre successfully grows into the peripheral stump. An other fibre 
has deviated into the 
surroundings. 
viii) tOOth day: all axon and myelin fragments have disappeared. The diameter of the nerve is still 
less then nerve originally was. 
Although is reinnervation there still is no remyelination yet. 
(i) -• x: I ==:' ) - 3 :rH = , + 
(ii) :··~~: ::; ::~.. c{d! :~: ;;v* . ~: 
E$:JE•:::~ 
SISTEM SARAF PUSAT 
Modul 34 Primary myelinopathy (e.g. Inflammatory) 
A diagram of the cardinal pathologic features of an inflammatory PNS myelinopathy. Axons 
are spared as is CN~ myelin. Following the attack, the remaining Schwann cells divide. The 
denuded segments of axons are remyelinated, leaving them with shortened internodes. 
Normal.· 
Attackbv .. ' .. -~ 
h~11awnl a tory (;eUs 
Segmen.(al 
:-t)~myeUnatlon . R~yelinated Fibers 
SISTEM SARAF PUSAT 
Modul 35 Segmental demyelination. 
Diagram to summarize the events occurring in primary segmental demyelination and 
remyelination. A. Normal nerve. B. Early segmental demyelination; retraction of paranodal 
myelin with widening of the nodal gap. C. Destruction of myelin sheath and Schwann cell 
mitosis. D,E. Remyelination; intercalated short segments. 
A 
·;~ I I } I I ~}. '• ". I 
-~ I I J I :: .:· 
~I \ \ ~ : 
. \ \ ',. 
I \ j 
{\\ I 
~ ; I 
{ 
l 
H c D 
Primarv segmental demvelination and remvelination 
. ·--
E 
A B c D E 
Axonal degenaration and regenaration 
SISTEM SARAF PUSAT 
Modul 37 Toxic sensory neuronopathy. 
A diagram of the cardinal· features of a rapidly involving toxic sensory neuronopathy. The 
jagged lines (lightning bolts) indicate that the toxin is directed at neurons in the dorsal root 
ganglion (DRG). Degeneration of these cells is accompanied by fragmentation and 
phagocytosis of their peripheral-central processes. The Schwann cells remain, there is no 
axonal regeneration. 
Normtd 6 1\'lont.hs i..a.ter 
SISTEM SARAF PUSAT 
Modul 38 Toxic distal axonopathy. 
A diagram of the cardinal pathologic features of a toxic distal axonopathy. The jagged lines 
(lightning bolts) indicate that the toxin is acting at multiple site along motor and sensory 
axons in the PNS and CNS. Axon degeneration has moved proximally 
(dying- back) by the late stage. Recovery in the CNS is impeded by astroglial proliferation. 
l 
i ,. 
)oi\··· ... · . 







SISTEM SARAF PUSAT 
Modul 39 Class 1 acute nerve injury (eg. compression). 
Class 1 (neurapraxia) nerve injury associated with compression by a cuff. Axon movement 
at both edges of the cuff causes intussusception of the attached myelin across the node of 
Ranvier into the adjacent paranode. Affected paranodes demyelinate. Remyelination begins 
following cuff removal and conduction eventually resumes. Conduction is normal in the 
nerve above and below the cuff since the axon has not been damaged. 
I I 
' , 
Normt~ l Cull In Place Cuff inflated 
' I 
:w: 
I ; I 




SISTEM SARAF PUSAT 
Modul 40 Class 2 nerve injury. 
Class 2 nerve injury ( axonotmesis) from a crush injury to a limb. Axonal disruption occurs at the site 
of injury. Wallerian degeneration takes place throughout the axon distal to the injury with loss of 
axon, myelin, and nerve conduction. Preservation of Schwann cell tubes and other endoneuria! 
connective tissue ensures that regenerating axons have the opportunity to reach their previous 
terminals and, hopefully, re-establish functional connections. 
·Nor mat Proxlmat 
BJunf Trauma 
1 I , o.' 
1 Of. 
tO I 
··a· .·· .. 
1 ~ · •. W all~rian • 
•l/ I Degener.atron-. 








\ ·. ·J 
1 we.ek Later 2 Months Later 
SISTEM SARAF PUSAT 
Modul 41 Degenaration and abberant regeneration in (class 3) nerve injury. 
Class 3 nerve injury (neurotmesis) with severance of all neural and connective tissue 
elements. There is little hope of functional recovery without skilled surgery. Regenerating 
axons are entering inappropriate Schwann cell tubes (aberrant regeneration). 
~ormal Proximal··J{nife Wound· 




1 Week Later 8 Weeks Later 
~afusal muscle ~e 
· Nuc~o-at~(hegion:of 
~·Spiridl,e #rii~~le fibre~ ·.~~~~~Ll 
-¥~c1esp~cUe$Hep~an8t.Withno#e1· ... 
(eit.i'~al)muscle'fi~s.~fA8.1)_ottY:9f'~ 
mu'sete:Each sPindle ·c:oOSist of a:iiusilbefof-
speclalise(S(m#:WS~ m~sc~;fibreS. eii~t6:s~d 
~-~~a~~e~ · ·· .. , ' '·· · · ··· _,. ... , .. , 
.. &----
· · ~MUS9IE.~INDJ:t 
··~.~ '•. 
·.·ALP.HA.MOTClll.Nm~ro:-.,:·~ "~)_WAlfr~CO~~· 
Impulses in the sensory nerve fibre of a muscle spindle produce muscle contraction via a 
nonosynaptic reflex-the stretch reflex. · 
These fibres also produce inhibition of motor neurons of antagonist muscles. 
'"-··--··-
SISTEM SARAF PUSAT 
Modul 43 Cerebral cortex. 
. 4 
On the diagram above, indicate where the motor areas of the brain are . 
. ·--


















~~~~- Gt"acile .nucleus .. 
··Ftbtes fro~ 
·· .5$ml ·re~on 
. ·-._ .... _ 
SISTEM SARAF PUSAT 
Modul 44 Cutaneous distributio.n of major peripheral nerves. 
·Axitl?IY N 
. Deep peron.~al N 
Meci arid Lat Plantar N ----..~;;:~~U) 
~Med· cufN of ann··an:d . 
~!nt~c:cj stcillr~clJi~ 
.. 
~""'*'"-~·M~tL~uf ~r of fore·anri . 
·~....._-Me'dian·N· ..... , ..... • ........ ~- ·. ,: 
.o~?!~!n"~~~.'ois~ni~.t~ .. tf 
,; ..... ' • • • • • •• :. • • • ~. • • • • • p 
.. ~bbturator'N 
•.r. •:"" '~ "'' • .• :; • •;:" . 
The distribution differs fromthat of spinal nerves. 
.. 
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. > .. : >spinothcJ}amic 




Modul 1 Gastrointestinal tract 
Modul 2 Secretion and digesion 
Modul 3 Absorption 
Modul 4 Motility 
Modu1 5 Control of small ontestine 
Menu Utama··· 
.. ·-~~ .. -
Modul 1 Gastrointestinal tract. 




4. Motility/ excretion 
SECRETIONS AND DIGESTION (1) 
A FUNCTION 





(C) Small intestines 
THE MOUTH 
1.1 Saliva - produced by 
i) Parotid gland 
ii) Submaxillary gland 
iii) Sublingual gland. 
1.1. 1 Composition of saliva 
i) Enzymes- a amylase and Lingual lipase 
ii) Electrolytes 
1.1.2 Volume of saliva: 0.5- 1.5 L/day (PH 6.4- 7.0) 
.. ·-----.._,_ 
Little digestion of carbohydrate (a-amylase) and lipid (lingual lipase) occurs in the mouth. 
1.2 Secretions controlled by 3 mechanisms 











.· offood p:uas)m ___ _, 
'(+) 
·~ .. Sali. ·vnry .. 
~
Glands 
(Parotid. Sliblingua" lllbuwciltar.v) 
·· fParasympathetie 
. ·. (s~ }-4ft { Waterv saliva ) J--+ ( ·vimd sanva . J 
(+} . 
The food is transported into the stomach via the OESOPHAGUS by PERISTALTIC MOVEMENT. 
(Ref. FLM on MOTILITY Station 4) 
. ·--··-
Modul 2 Secretions and Digestion 
THE STOMACH 
2.1 Function to 
i) mix food 
ii) add gastric juice (HCL , pepsinogen , gastric lipase) to the content of the stomach produce CHYME 
2.2 Secretion of gastric juice is effected by 3 mechanisms 
2.2.1 Cephalic phase of gastric secretion 
~r:::--r : ... : .. __ ~ 
~ . . . '· .... · . . -.. ' ·-· .. ·· ... ·· .. 
2.2.2 Hormonal 
This involves a hormone called : Gastrin. 
Gastrin is released by G cells and stimulates HCL and pepsinogen secretion as illustrated in (Station 2 e) 
' . 2.3 Mechanism ofPepsmogen catalysis by HCL 
2.4 Mechanism ofHCL secretions- 3 (Cephalic, Gastric, Intestinal) 
.. ·-~---
G&Will stiml!lates!hel'afl~ ceil to l~ .....,.._. CQa 
~~hyd~~ ~ .. H1~~ .. . 
iba>i·'Ptit_upjntQ ~i+tt 
if fj"Pdlipe(t oist iA~'JUmeri~t stQ}n8dl . . . . . 
BCQ{ into tht:b~ m CXA;banp "tor CI"" whiCh enters thc·lutnen.of tbe stoniacb· 
.- .';.: ::·• ·.· ·'. -.• _ ... '. .-·. ,-·. -·'•r.- .; ·•.··.· ;_ ·· .. ' .•. :: .·• :. :. : 
2.5 Neural: Local reflexes (refFLM 2q) 
THE SMALL INTESTINE 
Functions to 
i) mix the chyme with alkaline secretions 
ii) mix the chyme with secretion from pancreatic and bile duct cells (HC03-) 
iii) realease digestive enzymes from the pancreas. 
3.2 Secretion of intestinal juices is effected by mechanisms 
3 .2.1 Cephalic phase of intestinal secretion 
3.2.2 Hormonal 
.. ·----... .. _ 
This phase involves hormones of both the secretin and gastrin families 
STI1v.JlJLI 
(i) Acid in Small Intestines 
(ii) Products ofPr- digestion (AA, Peptides) 













(b) Augwi\~CcKl~tJroditce ~~t'~;~®rliw~~~ .. · 
{c)·J .· _gQStriC:#uJ~~J'Ctic?nbf·aNEGATN.E~i\Cr<~os . ·,bekiW~ ·. . . . . . : . . . . . . . . . . . , . 
. . -: .. ·· . 
·~ 
(dj smn~tes cells ofttJe~.lJite dutt .......,. -a~· 
3.4 Neural : Local reflexes (refer FLM 2q) 
THE SMALL INTESTINAL- hormones 
... -----
CHOLECYSTOKININ (CCK) 
3. It's secretion is effected by the same 3 mechanisms as for other hormones 







3 .2.1 HORMONAL : Release and actions 
STIMULI 
(i) Fatty Acids 





l ... ,.. ..... 
· If 
J ..... 
. I II 
tit 
I J t 









Secretion and Digestion - Bile 
PRODUCTION OF BILE 
.ft1RT«£R 
DlOESTION 
O.F Pr" ANI> fin 
Livcrcel1s 
Nk:Jso . reJcasc 
· · · • ·bn!l' ~ .co11Jm·on ~ Do~~~n~.lll'· 
tn~ $t~<J in ·lJcPMiG 
cnDa1kuli ~lb!ndckr. d~t 
* 80-90 % from haemaglobin, Haemproteins 
* 25 % Hepatic cytochrome P450 
COMPOSITION : bile salts, bile pigment + other substances in an alkaline electrolyte solution. 
Water ------------------------------------- 97.0 % 
Bile salts---------------------------------- 0.7% 
Bile pigment -----------------------------0.2% 
* Cholesterol--------------------------------0.06% 
Inorganic ----------------------------------0.7 % 
* Inorganic salts------------------------~----0. 15 % 
* Lecithin ------------------------------------0.1 % 
l'at-------------------------------------------0.1% 
* In solution due to the bile salts 
Colour:-
Golden yellow due conjugates of bilirubin. 
Tetrapyroles (metals, porphyrins) 
Bile pigments (biliverdin, bilirubin) 
PROPERTU:S OF DJUSAL 1'S: 
(i) f surf~ acti~if)· dm:: 
(a) b)'dropbili¢ ~ity group~ ch.ain 
(b) Lii»Pbili.: s&eroi4 nnckk 
{ti) J\tl1phip.ath~ { i.e has hyd..oopMbit and b)'dtopblk domains) 
(ii) ·frOiU ~u~ whicl1 bns hydrophobic eon: llDd 
bydl~itic $Url"acc -.. Upids in JOlutiim 
"bids ar~ ~ed co the bn.t$b border or tho ~ncs. 
' BILE AND 1JPtD MiCEU.B ., 
fFA. OJOJ..ESTEROL 
g] •••• f3 
""---------v------.J. 
• · PHOSP.HOUPlDS 
Regulation of biliary secretion: 
Cc).(llr.Ktiot'l or----•• ,;~~ 
1. u~ ~---•Jt fnzo~ uco.,~ 
c-<tctdlt ofbilc 
' NcnmJ • $timul~ 
d!Vn,gus 
} 
--+-< t. bile. ~) 
CHOJ..aUrnCS 
.. ·--.. _ 
Lrler 
rO-ttli!Or 
Bi!l! $aln { pocl =-J.S·g) 
~· 
:I 
Cholelithiasis - GallstO{leS 2 types: 
i) Ca++ bilirubinate stones 
ii) Cholesterol stones 
Predisposing factors: 
i) Bile stasis 
. 
.1'5 '% P.ct day 1 
P.411ai ~y.Jttm 
ii) Supersaturation with cholesterol (crystals + micells ) 
iii) mixture with nucleation factors ( in supersaturated bile) 
Neural regulatory mechanisms: 
~~) 
Ell~ iicr\.'OlJS sy~ OT t~hMf fc.~e.:s (Iood). 
bwohoes tho mycasi~ric: or su1ml\1C~ p1~ ar both. 
Can b<: bif1w::need by.~ A.NS 
r~Uhill>,t\: J'\i.~J \'\.HI.'\1 ..>;)",'>li,:HI (t\i,.:>). M1.~l~!.l H4jJ~4.)-•.up.ui•~.u~. ~uJ 






.I ~l~C3 J 
+ 
~--.t----------------~--~ 
. I ~uj I ·.U}Mt;:N. l · ;p;; 
Modul 4 Motility 
Function : Movement offood from the mouth through 
(1) The Oesophagus 
(2) Stomach 
(3) Intestines (small and large) to the anus (Defaecation) 
Movement Through The Oesophagus 
(A) Swallowing (Deglutition) 
Is a complex reflex 
/STIMULUS / 
Premm:of S14'1lllowmg - ~I Plwynge31 
foodfdtink on AfTercnl CCDIC:I Ul muscle 
RECEPTORS ITn~ln Medulla 2 TOOI,'UC 
OF 2 Glossoplwy n Oblongata 
PI lARYNGEAL 3 Vagus n \. 
'- WAU. ./ ' _/ 
PHASE: 
a ) Voluntary 
b ) Involuntary 
Voluntary phase 
.! Prc~urt" of fooJ on plw)ngcal w3ll ---. Receptor 
srrmulanoo __. unpubc:s to swallo"ing Ct'fltcr 
1 1) lnlnbllloo o f r~ptrahon 
(n l k3J~m~ lltc las)m: 
(in I Closure of ~ttts 
3. Tilting of epiglotis backwards as food is force backwards. 
4 . Involuntary phase 
1. Relaxation ofupper sphincter 
2. Food passes followed by closure 
3. Glottis opens,breathing resumes 
4. Food moved forward by PREST AL TIC WAVE 
5. Lower sphicter opens 
6. Food into stomach followed by sphincter closure. 
Functton MI'MS: of food " 1th Jurces and Wlndlni: __. CIIYMF. 
Olstm5IOil (1(Siomach wall IOitlaln pcnstWOC COOtr.lrt!Ofl of body SIOIUICh 
--+ 1111Nm 
2 f nntml contraction --+closwe ofpylonc ~phmc1cr 
Modul 5 Movement of Small Intestines 
FunctiOn : MVting of ch)'mC with! 
(i) · Dig~iv~juites 
(ii) ~~of.~est~ ~JO fitr!e 4bsorptivc !4arl'~ 
(iii) Pr()J'Ul.sive momnent--+ aboral passage 'or ch)me · 
Control of Small Intestinal Motility 
The contractions are myogenic in origin and are influenced by: 
A. Intrinsic plexus 
B. Extrinsic plexus 
C. Hormones 
MVOGENlCttscTRlCAL AC11VITY . . . . 
An.·~~~!i;~9alr)1linm.~)•tciPm~~l9·wrut.. 
(i) srow t,s~ilhttoty ~ .. ~. ~~~·Pottnti3ls ·--+ ~tt~$ ~COtttiattiOn 
(u)·sfo.Wmr,'('S·orfsiimnns··iJJ:fJ.lC·km~tndbwlnuSe1c·fWct··~.amd4:rnnudctibet 
.. ~ eirtular nmsde.fiber'~ lU)'ellterie' pJc;fui . . . •' . ~.. '. . ·.. . . 
(iij}$kl\!i ~-a,~ foJJQwa~~·~~( :Ju~.ifl·duo 12~):4~;) 
(iv.) va~ -li~cffecton~b;aSDl el~ rhythin.. · ·· 
. . ~~ 
Rhythmic Segmentation 
:c~ntmcuo.o OC:~urs rJlytf.uni~y fn(un·c~o._nal segnn~nt~pr~1n ·m.re.~tine.Jn 1M:t}ve¢n . 
rings dieiri~stm\: )1aifQ~ out •. Mo•OCD;iS_lntc:t1ho.~onci:l. ~-u~-~~~eU ~nc;;-·~ ___ , ....... ~~ main.IY· .. . . . . .. . . .. 
These contraction are weaker than peristaltic contractions and are dependent (mainly) on the 
myenteric plexus (partially blocked by atropine) 
Fac[ors affecting it : 
1. Un.-tff~ted by denervation of extri~c: autooomic nerves 
I. :PaniS}'D1ft3WellC activity --+{~) .Jncr~ in ctmtn.W.~ilS 
.. S s.tfletlc acti\ity ~ ( -) jnhibltiOO of' COUlnli:tla.n 
tlrmP ... n 
iiLContraction T lymph ow 
Peristaltic Movement 
Mechanoreceptors present in mucosa are stimulated by stretch (or irritants) and are probably 
sensitized by locally present 5-HT or subt. P. (modulators) 
Chyme (bolus) initiates wave .of contractions which maybe preceded by a wave of relaxation (usually 
travels only a few em. (V eloctty 1-5 em/sec) ; faster in proximal than in terminal intestines). Small 
intestine transit time 3-10 hr. 
Peristalsis is dependent on the intrinsic myenteric plexus and is abolished by atropine, removal of the 
mucosa, or degeneration of the plexus . 
. MECHANISM OF PERISTAI~IS 
1. Entry_ of cbyrne inlo duodenum ___..,..distension --+peristalsiS! tb)1hmic 
colttractiori. _ .· 
2 Gnstroenh:ric( gastro-ileal) rctle:t OI!CUtS .wtlh .:nt.Jy. of' food intQ ~omaeh. 
Tri_gger; by clistc,mSiOn of lhe stomach .. 
Neural Reflexes of Peristaltic Movement 
tnt pUlses or .this reflex nre'tond~cted _a19ng i~ninsic ple.~tS~ --:-+' ·.· ~Qii!ity:o(tbe small 
intestine and may propel chYme tbr-QU~ lhc_ii~<Ka~ V3:h~tn1Q~ee~, .. .. . 
Jn caS¢ orpcd$ialri4! "11vc: .!~"~.rapidly over la.tge p:ull)( SIJlPU mt~t111;e ~ eolou ~ 
ttsduced by irrillUl!S: or diStension~ · 
Control of Small Intestinal Motility ,, 
The contraction are myogenic in origin and are influenced by: 
A. Intrinsic plexus 
B. Extrinsic nerves 
C. Hormones 
Intrinsic plexus 
Rhythmic segmentation and perista~tic contraction ~re dependent (mainly) on local myenteric 
reflexes. The myenteric plexus mediates 4 types of Impulses. 
a. Cholinergic excitatory (mediator ACh) 
b. l~on-cholinergic exitory (mediator?5HT,7sub.P-) 
Adrenergic inhibitory (mediator Nor adrenaline) c. 
d. Non-adrenergic inhibitory (mediator ATP) 
.. ·---. .. 
SISTEM ENDOKRIN 
SISTEM ENDOKRIN 
Modul 1 Hypothalamic hormones and factors regulating adenohypophysial 
Function 
Modul 2 Caracteristics of hypothalamic releasing hormones 
Modul 3 Anterior pituitary . 
Modul 4 Hypothalamic and pituitary hormones 
Modul 5 The typical arrangment of negative feedback in the regulation of 
a Hypothalamus- Pituitary- target gland axis 
Modul 6 Neural and endocrine interrelation 
Modul 7 Regulation of growth hormone secretion 
Modul .8 Patterns of growth hormone secretion 
Modul 9 Mechanism of growth hormone action 
Modul 10 Regt.Jiation of Antidiuretic hormone secretion and thirst 
Menu Utama 
SISTEM ENDOKRIN 
Modul 1 Hypothalami.c hormones and factors regulating adenohypophysial 
function 
-- -- -· 
Hor1none : Predo1ninaut site in Tm·get pituitaJ.,y horn1one 
ltl'P othalamos 
Thyrotropin relea:~ing ho11none Anterior perventricular Tityrotropin (TSH) 
(1HR) Prolactin 
Gro\llth bonn one (by Pathologically 
high levels ofT.HR) 
oonadot.Jpin releasmg homl.one · Arcuate Lutenization hormone (LH) .. · 
(GnRH) Follicle stimulating bonn one (FSH) 
Gro\-vth bonn one (by pathologically high 
levels of GnRH) 
Cot1icotropin releasing hotntone · Anterior perventricular Adenocot1icotropin (ACTH) 
(CRH) Beta and gammaLipoprotin 
Beta endorphins · 
Gro"Wvth hormone releasing Arcuate Grovvth hotmone 
hormone(GHRH) 
Growth ho1mone inhibiting Anterior perventricular Growth llonnone 
hormone (somatostatin) Prolactin 
\ Thyrot.-opin (TSH) 
Adrenocorticotronin 
Prolactin ·inhibiting factore (PJF) Arcuate Prolactin 
Thyrotropin 
Gro~th bonno.ne (at pathologically high 
levels ofPIF) 
Prolactin releatging factor (PFR.) . Not kno\\1!1 Prolactin 
··---
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Modul 2 Caracteris~cs of hypothalamic releasing hormones 
Secretion in pulses 
Action on specific membrane receptors 
Transduction of signals through calcium, membrane phospolipids and cAMP 
Stimulation of release of stored hormones via exocytosis 
Stimulation of synthesis of target hormone at transcription l~vel 
Modification of target hormone at post translation stage eg. Glycosylation 
Stimulation of hyperplasia and hypertrophy of target cells 
Modulation of effects by up-or down-regulation of their own receptors 
.... ~--
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(15. 20%) Beta lipotropin 
Thyrotroph TI1yrotropin 
(3- 5o/o) 
Gonadotroph : LuteiniZing bonn one 
(10 .. 15%) Follicle stimulating 
·hormone 
Somatotropb Gro\vtb hoxmone 
(40- 50%) 
1vlamm otropb Prolactin 
(10 .. 25%) 
Hormone choract~ristics Main functions 
A polypeptide honn one derived fhnn ACTH·Stim ulates glucocort 1 coid and sex 
a lal"ger polypeptide molecule that also hormone secretion :from the adrenal 
give rise to lipotropins. and cortex 
melanocyte stimulating hotmone. Lipoprotein .. \veak lipolytic and opioid 
Cells are mostly in the pars di&'talis of a(;tions 
the pituitary 
A glycoprotein containing two Stimulation of all aspects of thyroid 
subunits~ alpha and beta Alpha function : honnone ::.ynd1esi~, 
subunit is found in UI and FSH also. h}']>erplasia, hypertrophy~ vascularisation 
Cells are found mainly in the 
antcl'OJnedial port of the glaud 
Glycoprotein ltonnones with similar LH-stinuilates honnone production in 
structul'es. Cells are scattered all over Leydig cells, theca cells 
the gland and most secrete botl1 FSH-stimulates granulosa ceHs Settoli 
hormones cells 
A single chain t>o)ypept.ide hormone Stimulates the production of IGFs and 
has direct actions on gro·wth and 
metabilosm 
A single chain J>rotein honn oue. The Stimulates milk production und inhibits 
percentage of n)allmotrophs increase gonadotropin secretion 
during pregnancy lactation and 
·oestrogen therapy 
SISTEM ENDOKRIN 
Modul4 Hypothalamic and pituitmy hormones 
RH • releasing honnone 

























,__ __ ,..._ _ -t :(neurohypophysis) 
Ante.rior pituitary 










.. ·----. ..... _ 
SISTEM ENDOKRIN 
Modul 5 The typical ~angment of negative feedback in the regulation of a 
Hypothalamus-Pituitary- target gland axis 
Exercise: 
1. Name the relevant honnones involved in the feedback loop for each of the target 
glands under anterior pituitmy control. 
2. There are some execption to this pattern. For example with some hormones the 
long loop feedback becomes positive feedback under certain circumstances. Can 
you think of these hormones and the circumstances? 
.... ----- ... _ 
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Modul 6 Neurai ~d endocrine interrelation 
















salt and '\Vater 
balance 
Reproductiotl 
.. .. ~ 
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- - - Inhibition 
-----, 
I 
_,I __ Glucose 
Hypothalamus I Free Fatty Acids 
...... -.1:---.- Amino Acids 
t 










r __ 1 




Reductiott in fi~ee fatty acids 
Rise in amino acids (arginine) 
Fasting 
Stmvation 








AJpha adrenergic agonists 





Excess fi·ee fatty acids 
Somatomedians 
Growth hormone 
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0001. hrs 2400 hrs 
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Modul 9 Mechanism ~f growth hormone action 
1. One GH molecules binds to two 
adjacent' receptors 
---------2. This causes dimerzation oftwo 
receptors 
\ 
Cytoplasmic ...... _ ____ 3. This result' in_ ati~ation of the 
Tyrosine Kinase receptors whtch tn tum activate 
l- tyrosine kinase 
Phosphorylation of '4 4. The next step is 
substrates phosphorylation of substrates 
+ 
Activation of ... 411~-------5. This result·in activation of 
trm:llBcription factors transcription factors 
+ 
Modulation.~f .... --4~------6. These factors modulate target 
gene expresston genes eg IGF gene 
··--
Actions of growth hormone 





( and most othr organs) 
+ Protein synth~si s 
-+ RNA synthes~ s 
+DNA syntheS1s 
+ Cell size and number . (Result : incrfftase organ s1ze 
and function) 
Muscle 
Y Glucose uptake 
+RNA synthesis 
+ Protein synthe~ s 
A Gl uconeogene s1s I 
t Amino acid uptake 
tProtein synthesis_ 





IGF Chondrocyte s 
t Amino acids uptake and protein 
Synthesis 
tRNA and DNA synthesis 
+collagen 
t Chondrotin sulphate 
+cell size and numb~r 
(Result: increase lmear growth) 
... ----.. __ _ 
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I [ Drinking ] 
............... .., 
1 ECF l Volunte 
The major regulatory mechanisms are in thick lines 
Thin lines show regulatozy mechanisms that are of second importance 
Dotted lines are incidental factors that influence the ADH secretion ( not important for day to 
day regulation) 
Whether each factors/parameter stimulates or inhibits the subsequent factors is not indicated 
in this chart 
can you determine the type of influence ( stimulatory or inhibitozy) at each arrow 
"'----... __ 
